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With analogue electronics, an oscilloscope is usually sufficient for solving 
any problems encountered during development or troubleshooting. With 
digital electronics, things are not so simple. It is often necessary to observe 
several different logic levels at the same time, and on top of that, high 
working frequencies are quite common. A logic analyser is clearly the 
proper tool in such a situation. 





A normal oscilloscope is not particu- 
larly suitable for working with cir- 
cuits containing microprocessors, 
DSPs or other digital components. 
The bandwidth is usually too small 
for the extremely fast signals used 
with such components. Furthermore, 
it is usually not possible to view 
more than two signals at once (in the 
best case, four signals can be 
viewed). Also, an analogue oscillo- 
scope can only measure repetitive 
signals, which is not very helpful 
with digital signal streams. 

Although oscilloscopes (including 
digital storage oscilloscopes) have 
come into quite general use in recent 
years, the same cannot be said of 
logic analysers. They remain expen- 
sive items of test equipment, espe- 
cially for hobbyists. 


What does 


a logic analyser do? 

We should first review how a logic 
analyser works, if only to demon- 
strate its utility in comparison with 
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Figure |. The functional structure of a logic analyser requires a complex logic 
circuit, which can be considerably simplified by utilising the counters integrated into 


FIFOs, 


that of an oscilloscope. 

A logic analyser records digital 
signals received simultaneously via 
a certain number of input channels. 
These signals only have values of ‘0’ 
or ‘1’, and they are stored in groups 
of eight (or nine, in the case of this 
design). In contrast to an oscillo- 
scope, a logic analyser records only 
a single cycle (comparable to the 
one-shot triggering mode of an 
oscilloscope). 

The speed at which a logic 
analyser stores data (which can be 
compared to the horizontal sweep 
rate of an oscilloscope) is determined 
by an internal or external clock. On 
each rising (or falling) edge of this 
clock, the states of several input 
channels are simultaneously sampled 
and the sampled values are stored. 

Another characteristic property of 
logic analysers is that sampling can 
be triggered either manually or only 
after certain (predefined) conditions 
have been satisfied. The analyser 
can thus be forced to become active 
only when the correct binary data 
are present on specific inputs. With 
an oscilloscope, trigger control is 
limited to detecting a certain voltage 
level on the input with a certain 
polarity (‘trigger level’). 
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Finally, most logic analysers can 
also be used in the pre-trigger mode. 
In this mode, data samples are con- 
tinuously written to the memory of 
the logic analyser. After the trigger 
event occurs, the logic analyser con- 
tinues to store data for a certain 
number of clock cycles. This makes 
it possible to determine what hap- 
pened before the trigger event. 

Thanks to these characteristics, 
logic analysers are indispensable 
tools for designers who what to 
know what is happening on an 
address bus, in a circuit containing a 
microprocessor or in other types of 
logic circuits. 


FIFOs 


After reading about the characteris- 
tics of logic analysers, you must 
have already realised that the heart 
of a logic analyser consists of RAM 
components that store the data 
obtained from the logical processes 
connected to the inputs so that it 
can be read out as necessary. 
Long-time readers of Elektor Elec- 
tronics may remember the logic 
analyser project described in the 
June 1981 issue (an example can be 
seen in the background in the pic- 





ture at the head of this article). This was 
probably the first example of a logic analyser 
that was affordable for hobbyists. It was a 
monumental circuit, consisting entirely of 
LSTTL ICs. 

The problem that we face when designing 
a logic analyser is that it must not only gen- 
erate the control signals for the memory 
devices, it must also increment the address 
lines after each sample has been taken. This 
leads to a complicated circuit design. For this 
task, ‘classic’ logic analysers used extremely 
fast counters driven by an internal or exter- 
nal clock. By interleaving a number of coun- 
ters and separate memory banks, it is possible 
to sample logic signals at speeds far greater 
than the rated speeds (access times) of the 
memory components. 

Here we want to keep the design of the 
addressing logic simple (no interleaving). 
Also, it takes a fairly large number of ICs to 
build counters using discrete devices, since 
address multiplexers are needed in addition 
to the counters to allow the data to also be 
read out. 

In order to make our job as simple as pos- 
sible, here we use a type of memory device 
that comes with built-in counters: a FIFO. A 
FIFO (first-in, first-out) memory has a rather 
complicated structure, as can be seen from 
Figure 2. In contrast to normal memory com- 
ponents, which have a bidirectional data bus, 
FIFOs have two separate busses, one for 
writing and the other for reading, with data 
being input via the one and output via the 
other. 

You will also notice that there is no 
address bus, at least not external to the IC. 
The addresses are instead generated inter- 
nally by two independent counters, one of 
which is used for writing and the other for 
reading. When the FIFO is reset, both coun- 
ters are initialised to a value of ‘0’. 

If we want to store data in a FIFO, we must 
place the data on the Write bus and then take 
the WR line Low. The data will then be stored 
in the RAM location indicated by the Write 
pointer. If we make the WR line High again, 
this counter will be incremented. This process 
is repeated each time a sample is taken. 

On the read side, exactly the same process 
takes place. Each time the RD line is made 
Low, the data indicated by the Read pointer 
are placed on the other (Read) data bus. The 
read counter is in turn incremented when the 
RD line again goes High. 

These write and read operations can occur 
at completely different and unrelated speeds, 
which is why this type of device is called an 
asynchronous FIFO. 

To illustrate how such a memory works, Fig- 
ure 3 shows what has happened inside a FIFO 


13 


TEST&MEASURPMENT — Ü C+ j C 2À C G G a ( 


DATAINPUTS 
(Do- Dg) 


after four write cycles. 'The first four memory 


cells have been filled with data in the order in 
which they were received (in this example, 
‘$AA’ arrived first, then '$55', then ‘$00’ and 
finally ‘$FF’). At this moment, the processor 
connected to the read port pulls the RD line 
Low. Since the read counter has a value of 0, 
the read bus outputs the value ‘$AA’ (the first 
value received). After this, the read counter is 
automatically incremented when the RD line 
goes High again (at the end of the read cycle). 
The read counter now has a value of ‘1’, so the 
processor receives the value ‘$55’ in the next 
read cycle. This was the second value to be 
stored in the memory. The read counter is 
repeatedly incremented in this manner. 

As can be seen, the data emerge on the 
read output in the same order in which they 
arrived at the write input. This explains the 
name given to this type of memory: first-in, 
first-out. 

Now suppose the FIFO receives a new 
Write command while data are being read 
out. The write counter has reached address 4. 
The data will thus be stored at this address 
without in any way disturbing the processor 
that is reading data from the FIFO. 

In this example, the read counter will have 
the same value as the write counter as soon 
as the processor reading the data has com- 
pleted five read cycles. There is then nothing 
more to be read, since the FIFO is empty. This 
status is automatically signalled by the FE 
(FIFO Empty) line, which goes Low in such a 
situation. 

Naturally, the opposite situation can also 
occur: the write counter can catch up to the 
read counter if the memory is emptied more 
slowly than it is filled. In this case, there will 
be no more room in the memory, since the 
FIFO will be full. In this case, the write 
counter is automatically inhibited until the 
read counter again starts moving, which indi- 
cates that memory locations have become 
available. The FF (FIFO Full) goes Low to sig- 
nal this status. 

It’s clear that FIFOs contain a consider- 
able amount of logic, and this considerably 
simplifies their use. FIFO memories are usu- 
ally used as buffers between two processors 
that must exchange data at different rates 
without mutual synchronisation. 

The internal counters roll over automati- 
cally when they reach the ends of their 
ranges (which does not mean that the memory 
is full, as explained below). Unfortunately, 
when variable-length data blocks are being 
exchanged, it is not possible to determine the 
location of the start or end of a block from the 
contents of the counters. That is why FIFOs 
have a 9-bit structure instead of an 8-bit 
structure. Although it is not always needed, 
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Figure 2. The internal structure of a FIFO memory (source: Cypress). 


this extra bit can be used to mark 
the end of block so it can be easily 
recognised by the processor. 


The circuit 


Now that you know now FIFOs 
work, let's look at the schematic dia- 
gram of our logic analyser. It should 
be a lot easier to understand when 
you are aware of what FIFOs do. 
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As can be clearly seen from Fig- 
ure 4, the circuit is built around four 
such ICs. Incidentally, you do not 
necessarily have to fit all four of the 
FIFOs. The circuit will work perfectly 
with one, two, three or all four FIFOs 
installed, which is why we say that 
it has ‘expansion capability’. 

The memory capacity of different 
types of FIFOs also varies, from 
1 Kword (the ‘bytes’ here are nine bits 
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Figure 3. The working principle of an asynchronous FIFO: the read and write 


cycles can be executed independently. 
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long) to 16 Kwords. All of them have 
the same pinouts (although the same 
cannot be said of their prices...). With 
our flexible design, it is thus possible 
to build a logic analyser with 9 to 36 
channels. That's good news for your 
bank balance! 

Finally, the logic analyser can be 
built in two different speed versions: 
20 MHz and 40 MHz. We have more 
to say about this later on. 

As you have already read, the 
write counters form part of the 
FIFOs. Although they cannot be 
seen in the schematic diagram, they 
do require a clock signal (on the 
FIFO WR line). This clock signal is 
generated by a programmable clock 
generator consisting of a crystal 
oscillator (IC19) and several binary 
dividers (IC8 and IC9). The sampling 
clock is selected using two multi- 
plexers (IC10 and IC12), which are 
controlled by the microcontroller via 
the CLKSx lines. One special feature 
is that the last input of IC10 is not 
connected to the binary dividers, but 
instead to an external connector 
(EXT CLOCK), allowing clock fre- 
quencies not available on the circuit 
board to be used. 

The clock signal reaches the FIFO 
via IC6a. On each falling edge of 
SYSCLK, the FIFOs store the values 
of the signals on their input buses. 
These signals enter via connectors 
K1-K4. The characteristics of these 
inputs are described further on. 

As already noted, the clock signal 
passes through IC6a. This gate is in 
turn controlled by the ACO ACT line. 
The ACO ACT signal is generated by 
a flip-flop (latch) formed by IC7a and 
IC7b. This latch can only be set 
when the output of IC5b goes High. 
There are two ways in which this 
can be made to happen: either the 
output of IC5b can be set High via 
the START line (the option used for 
manually starting data acquisition), 
or the GO SYNC line can be set High. 
In the latter case, IC5b will only 
change states when there is activity 
on the TRIG line. The latter option is 
used for automatically starting data 
acquisition. 

Flip-flop IC5b can also be reset to 
‘0’ by the microcontroller to prevent 
restarting. This does not affect the 
circuitry around IC7. 

As long as IC7 remains inhibited, 
a clock signal will be present and 
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the FIFOs will record data samples. 
However, at a certain point the 
FIFOs will be full, since the micro- 
controller does not read the FIFOs 
while signals are being sampled. As 
we have seen, the FF line will then 
become active. This signal is 
inverted by IC6c, causing IC5a to 
change state on the next clock edge. 
Its Q output will go High, releasing 
the inhibition of IC7 via the ACO 
DONE line. This also signals the 
microcontroller that the sampling 
cycle is completed. The ACO ACT 
line goes Low, preventing the clock 
signal from reaching the FIFOs, so 
they stop taking data samples (once 
a FIFO is full, it will anyhow refuse 
to store any new data). 

The microcontroller can then take 
as much time as it wants to read the 
contents of the FIFOs, which contain 
the sampled data, at its own rate. As 
we will see later, the microcontroller 
only has an 8-bit bus for reading 
data from the FIFOs, while the sam- 
pled data can be up to 36 bits wide. 
The microcontroller simply selects 
each FIFOs in turn using the 
RAMORD, RAM1RD and RAM2RD 
lines. The ninth bit of each FIFO, 
which is used here as an extra data 
bit, is read via a separate microcon- 
troller I/O line. 

The final subject is triggering. As 
you already know, there are two trig- 
gering options: manual triggering, in 
which case the analyser is started 
immediately, and automatic trigger- 
ing. In the latter case, a rising edge 
must be present on pin 11 of IC5 to 
start sampling The microcontroller 
indicates that this edge is valid by 
setting pin 12 of IC5 High. 

This rising edge can come from 
several different sources, which are 
selected using multiplexer IC14. The 
first source is simply the EXT TRIG 
connector. This input allows the logic 
analyser to be triggered by the rising 
edge of an external signal. The EXT 
TRIG input is also connected to 
another input of IC14 via a gate wired 
as an inverter (IC7d), so it is also pos- 
sible to trigger the analyser on the 
falling edge of an external signal. 

Another option is internal trig- 
gering. In this mode, the analyser 
must detect a predefined combina- 
tion of bits on several of its inputs. In 
professional logic analysers, it is 
possible to select individual inputs 





and their associated states. Since we want to 
keep our logic analyser simple, the number of 
inputs is limited to eight and masking is not 
possible. 

Internal triggering is achieved by compar- 
ing the value of the first eight inputs of K4 to 
a value stored in IC13 by the microcontroller. 
If the bit pattern on the inputs matches the 
bit pattern stored in IC13, the output of IC11 
goes High. This output can be selected as the 
trigger source via IC 14. 

If the signal on pin 5 of IC14 is used for 
internal triggering, the analyser will be 
started as soon as the proper binary pattern 
(matching the stored pattern) appears on K4. 
However, if the inverted signal is used (the 
signal on pin 6 of IC14), the analyser will 
instead start when the specified pattern 
(again compared with the value in IC13) is no 
longer present at K4. 

Note that there is a ‘work-around’ for the 
absence of a configuration mask for the trig- 
gering condition. The inputs on K4 (as well as 
those on the other connectors) are pulled 
High by a resistor network. To cause certain 
inputs to be ignored, simply leave them 
unconnected and program a ‘1’ for the corre- 
sponding bits of the trigger pattern byte. 

The last (but certainly not least important) 
part of the circuit is the local processor 
(microcontroller). The task of the local proces- 
sor is to generate the various control signals in 
accordance with commands received from 
the attached computer, whose task is to dis- 
play the signals. For this job, we have 
selected an Atmel AT9088515 RISC micro- 
controller, clocked at 8 MHz. An AT90S4414 
could also be used. The latter type has less 
internal memory and is less expensive, but it 
is not as readily available. 

The AT90S8515 is without doubt very well 
suited to this application. It has everything 
on board that we need to control the various 
parts of the circuit: 8 Kbytes of Flash program 
memory, 512 bytes of RAM, an asynchronous 
port, an ultra-fast core and so on. It also con- 
tains timers and an EEPROM, but they are 
not used in this circuit. 

The microcontroller is accompanied by a 
TL78705 reset IC (IC18), which looks after 
generating the correct initialisation pulses. 

IC15 is a traditional MAX232 (or equiva- 
lent), which adapts the signal levels between 
the microcontroller (which works with 5 V) 
and the RS232 lines (which work with +12 V.) 

Finally we have IC17, a trusty 7805, which 
provides a stable operating voltage for the 
circuit. This IC has a fairly demanding job, 
since the analyser is not particularly eco- 
nomical in its current consumption (especially 
the 40-MHz version). 
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Figure 4. The schematic diagram of the logic analyser. 
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Resistors: 

RI-R4 = 470k_ 

R5-R8 = 8-way 470k_ SIL array 
R9 =Ik_2 

RIO = 10k_ 

RII = 47k_ 


Capacitors: 
Cl-C7,C14-C23,C28,C29 = 47nF 
C8,C9 = 22pF 

CI0-C1I3 = I pF 16V radial 

C24 = 2200uF 16V radial 
C25,C26 = 100nF 

C27 = IF I6V radial 


Semiconductors: 

BI = B80C1500 in rectangular case, 
(80V piv, |.5A) 

DI = LED, red, low-current 

ICI-IC4 = IDT7206 (-15, etc. see 
text) or CY7C425-I5PC 

IC5 = 74F74 

IC6 = 74F00 
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Figure 5a. The component layout of the printed circuit board for the logic analyser. 


IC7 = 74F02 
IC8,IC9 = 74F393 
ICI0,ICI2 = 74F251 


ICI I = 74F688 
ICI3 = 74LS573 
IC14 = 74F153 
ICI5 = MAX232 


IC16 = AT90S85 1 5-8PC, 
programmed, order code 020032- 
41 

ICI7 = 7805 

ICI8 = TL7705-ACP 

ICI9 = 40MHz or 20MHz oscillator 
module in DILI4 case (see text) 


Miscellaneous: 

KI-K4 = 2-way boxheader (angled 
pins possible) 

K5 = 9-way sub-D socket (female), 
PCB mount, angled pins 

XI = 8MHz quartz crystal 

PB, order code 020032-1 (see 
Readers Services page) 

Disk, demo program, order code 
020032-1 l| or Free Download 


the analyser you want to build. As 
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Before you start... 


There’s just one more thing before 
you pick up your soldering iron — 
you must decide which version of 
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already mentioned, it can be built to 
work at two different clock rates: 
20 MHz and 40 MHz. 


The 40-MHz version can take 40 
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million measurements (samples) per second, 
which is quite fast for a circuit of this level of 
sophistication. Such a sampling rate is quite 
suitable for testing fast circuits. The follow- 
ing considerations are essential at this sam- 
pling rate: 

° The FIFOs must be very fast types, with 
an access time of 15 ns or less (10-ns types 
are available). 

° The ICs connected to the clock line (IC5, 
IC6, IC7, IC8, IC9, IC10 and IC12) must be 
74F types. In no case may these ICs be 
replaced by 74LS or (even worse) 74HCT 
types. 

¢ The ICs in the triggering section (IC11, 
IC13 and IC14) should preferably also be 
74F types, but this is less critical than with 
the previously mentioned group. ICs from 
the 74LS family can be used, with the 
understanding this will result in slight 
delays during triggering, which usually 
will not be particularly troublesome. 


If it is not possible to comply with the above 
requirements (such as if the ICs are unavailable 
or too expensive), you can fall back on the 20- 
MHz version, which can always be upgraded 
to the 40-MHz version at a later date. 

In the 20-MHz version, all of the ICs may 
come from the 74LS family, but 74HCT 
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devices should be avoided. Also, FIFOs with 
an access time of 50 ns (or less) can be used; 
these are easier to obtain and in any case less 
expensive. 

While we're on the subject of FIFOs, 
besides speed there are two other parame- 
ters that must be taken into account: memory 
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capacity and quantity. FIFOs are 
available in 1K x 9, 2K x 9, 4K x 9, 
8K x 9 and 16K x 9 versions. How- 
ever, the greater the capacity, the 
more expensive they are. In practice, 
the 4K version is just sufficient for 
most applications. However, there is 
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Figure 5b. The track layout of the printed circuit board for the logic analyser. 


nothing to stop you from using types 
with greater capacity, or even with 
less capacity. 

As regards the number of FIFOs 
you want to fit, you only have to 
decide how many channels you 
want to sample simultaneously (9, 
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18, 27 or 36). Naturally, the depth of 
your (financial) pocket is also a con- 
sideration. 

Besides the fact that all these 
options allow you to build the 
analyser to meet your particular 
needs, you should be aware that 
numerous manufacturers make 
FIFOs that are pin-compatible. 
Table 1 shows several types from 
the most important manufacturers. 

Be sure to pay attention to the 
package type when buying these 
ICs, since they are available in 
PLCC32, normal DIL28 and wide 
DIL28 packages. Our printed circuit 
board is suitable for both DIL28 ver- 
sions, but not for the PLCC32 version. 

The final consideration relates to 
the microcontroller (IC16). You can 
order a pre-programmed example 
from Elektor Electronics Readers Ser- 
vices (order number 020032-41), or 
you can program it yourself. Since 
this microcontroller does not have an 
ISP port, it must be programmed 
using an external programmer. 


Practical considerations 


Once you have collected all the nec- 
essary components, you can start 
assembling the circuit board. 

Despite the use of FIFOs, the 
number of components is rather 
large, which can also be seen from 
the dimensions of the printed circuit 
board (see Figure 6). 

It is recommended to fit the ICs in 
sockets, preferably types having 
turned contacts. No particular prob- 
lems should be encountered in fit- 
ting the components. 

With regard to the voltage regula- 
tor (IC17), it must be noted that it 
has to dissipate a fair amount of 
heat, particularly with the 40-MHz 
version. The FIFOs draw 
200-300 mA, while the 74F logic 
takes 150-200 mA, for a total of 
around 500 mA. Thus when fitting 
this IC, leave room for a heatsink or 
fit it vertically. A simple solution is to 
bolt a piece of metal L-section under 
the voltage regulator, so that a heat 
sink can be fitted to the upright part 
above the circuit board. 

We also want to emphasise that is 
essential to use good-quality decou- 
pling capacitors, in order to prevent 
undesirable surprises when making 
measurements on fast circuits. 
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After fitting all the passive com- 
ponents and the power supply por- 
tion, check that the 5-V supply volt- 
age is present at the IC sockets 
before fitting the ICs. 

Once all the components have 
been fitted, you can continue with 
the next step: testing. 


Testing the circuit 


Despite the complexity of this circuit, 
testing its operation is not difficult. 
All you need is a PC with Windows 
and the HyperTerminal program, 
which is normally provided with Win- 
dows. Any other type of computer 
with an RS232 port and a terminal 
emulator program is also adequate. 

Start the terminal emulator pro- 
gram and configure it as follows: 
8 bits, no parity, 1 stop bit and 
38,400 baud. Connect the analyser to 
the serial port of the computer and 
switch on the supply voltage of the 
analyser. 

You should now see a message on 
your monitor showing the program 
version and certain other data, as 
well as a cursor (‘>’). If the program 
was not yet running when the 
analyser was switched on, type #1 
on the keyboard to reinitialise every- 
thing. After this, the start-up mes- 
sage should appear. If it appears cor- 
rectly, you can assume that the 
microcontroller is working properly 
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and proceed further. Otherwise, first check 
the serial link to the PC, since practical expe- 
rience shows that most problems occur there. 
Also check the settings of the terminal emu- 
lator program. Don't forget that character 
echoing (returning transmitted characters) is 
performed by the analyser, so the echo func- 
tion of the program must be disabled. 

If everything appears to be in order but 
the circuit still refuses to communicate, check 
the portion of the circuit around IC16, IC15 
and IC18. 

If during initial testing it appears that 
some things are not working properly in the 
analyser, the only solution is to simply test 
the various portions of the circuit by sending 
the appropriate commands from the PC. For 
instance, the clock generator can easily be 
checked by connecting an oscilloscope to the 
SYSCLK line and using the #F command (see 
‘Controlling the analyser’ below). 


Enclosure 


Other than perhaps a power switch, the 
analyser does not have any controls, since 
everything is controlled via the serial inter- 
face. The only visual user indication of its 
operation is the LED that shows that the sup- 
ply voltage is present. 

A simple enclosure is thus adequate for 
our analyser. Headers K1-K4 are located at 
the edge of the circuit board to make them 
readily accessible, so right-angle connectors 
can be used here. The external trigger and 
external clock inputs can also be located on 
the same side of the enclosure, for example 
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Figure 6. The fully assembled prototype of the logic analyser (two-channel version). 
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Table I. 


Several types of FIFOs that can be used 
for this analyser. The operating speed of 
a FIFO can be determined from its full 
type number. 


Manufacturer Type Capacity 
AMD AM7202 IKx9 
AM7203 2K x9 
AM7204 4AKx9 
AM7205 8Kx9 
IDT IDT7203 2K x9 
IDT7204 AKx9 
IDT7205 8Kx9 
IDT7206 16Kx9 
CYPRESS CY7C425 IKx9 
CY7C429 2Kx9 
CY7C433 4K x9 
CY7C460 8K*x9 
CY7C462 ss I6K x9 


Table 2 


Summary of the commands for 

controlling the analyser. 

#l Initialise the analyser 

#G Start sampling 

#C Stop sampling 

#R Read out data from the FIFOs 

#P Repeat the data last read using the 
#R command 

#Mxx Set the trigger pattern 

#Tx Select the triggering mode 

#Fx Set the sampling rate 

#S Read the current analyser state 

#A Arm the trigger 

#Z Clear the FIFOs 


using banana sockets. 

Use a metallic box for the analyser enclo- 
sure to provide good screening and prevent 
the emission of electromagnetic radiation. 
Remember that the analyser works with in 
quite high frequencies! 

The power supply can consist of a small 
mains transformer with a secondary voltage 
of approximately 9 V (at around 8 VA), ora 
small mains adapter. Be sure the read the 
Electrical Safety Guidelines page (published 
occasionally in Elektor Electronics) before fit- 
ting a mains transformer in the metallic 
enclosure. 


Controlling the analyser 


The analyser can be controlled very easily 
using a PC. This control works according to 
the master/slave principle, in which the PC 
sends a command and waits for a response. 
The analyser never sends anything on its 
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own initiative. Bear in mind that the 
local processor continues to respond 
to requests from the PC during the 
sampling phase (since the FIFOs do 
their jobs without any involvement 
of the processor). 

The link between the PC (or 
another type of computer) and the 
analyser is formed by an RS232 cable 
with the leads connected 1-to-1 (no 
crossed connections). Each charac- 
ter received by the analyser is 
returned as an ‘echo’ so the PC can 
verify that no communications errors 
have occurred. 

Each command to be used for the 
analyser always starts with the sym- 
bol ‘#’. This symbol must be fol- 
lowed by a letter (upper or lower 
case) representing a command. The 
letter may be followed by one or 
more hexadecimal ASCII characters 
that serve as parameters. For exam- 
ple, the hexadecimal value $5A is 
represented by the two characters 
‘5’ and ‘A. 

The analyser recognises the car- 
riage return (CR = ASCII 13) and line 
feed (LF = ASCII 10) characters, but 
they are not mandatory. 

Once a complete command has 
been sent to the analyser, it can 
respond with one of the following 
characters: 


> The command has been correctly 
executed. 

? The command is not recognised 
(non-existent command or incor- 
rect parameter). 

! The command is recognised, but 
it is not accepted in the current 
state of the analyser. 


The various commands recognised 
by the analyser are summarised in 
Table 2. Since these commands form 
the core of our device, we will 
describe them in more detail. 


#1 Initialise the analyser. 
Everything is reset (FIFOs cleared, 
sampling stopped). This command 
also causes the welcome message to 
be displayed on the PC monitor, 
including the version number of the 
program. 

#G Immediately start sampling. 
After receiving this command, the 
analyser starts to store the data pre- 
sent on the inputs. The sampling 
rate is set by the #F command. The 


FIFOs are cleared before sampling is 
started. This command will be 
refused if the analyser is already 
busy with sampling. 
#C_Immediately stop sampling. 
When this command is received, the 
analyser immediately stops taking 
samples (even if it has not yet been 
triggered). Data that have been 
recorded up to the time the com- 
mand was received can be read 
using the #R command. 

#R_Read data from the FIFOs. 

In response to this command, the 

analyser sends a 36-bit character 

string containing data read from the 

FIFOs, terminated by CR/LF. This 

string has the structure 

WWXXYYZZOV, where the value of 

‘WW’ is determined by the eight bits 

from the first FIFO, ‘XX’ by the sec- 

ond FIFO, ‘YY’ by the third FIFO and 

‘ZZ’ by the fourth FIFO. The ‘V’ posi- 

tion is for the four extra bits (bit 9 of 

each of the four FIFOs). 

This command will not be exe- 
cuted if the analyser is busy sam- 
pling data or FIFOs are empty. If one 
or more FIFOs are not fitted, the 
code ‘FF’ will be sent for each miss- 
ing FIFO. 

#P_Repeat the last data read using 

the #R command. 

If the program finds discrepancies in 

the data retrieved using a #R com- 

mand, (e.g., due to transmission 
errors), it can use the #P command 
to cause the data block to be re-sent 
as often as necessary. The #P com- 
mand cannot be used to read out the 

FIFOs. 

#Mxx_Set the trigger pattern. 

The #M command sets the value 

appearing at the output of the trig- 

ger comparison register. The 
analyser will start taking samples 
when the data on the eight inputs of 

K4 match the value transferred via 

the parameter of the #M command. 

#Tx_Select the triggering mode. 

The value of the parameter (0-3) 

determines the trigger source: 

0: The analyser starts when the 
binary value on K4 is equal to the 
value of the trigger pattern (as 
specified using #M). 

1: The analyser starts when the 
binary value on K4 is different 
from the trigger pattern. 

2: The analyser starts on a rising 
edge at the EXT TRIG input. 

3: The analyser starts on a falling 
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edge at the EXT TRIG input. 


#Fx_Set the sampling rate. 

This command is used to select the 
output of the clock divider for the 
FIFO read clock. This command will 
not be executed if the analyser is 
busy taking samples. The actual 
sampling rate depends on oscillator 
IC19. The following table shows the 
time between successive samples 
for the various parameter values at 
the two oscillator frequencies. 


x 20 MHz 40 MHz 
8 50 ns 25 ns 
9 100 ns 50 ns 
A 200 ns 100 ns 
B 400 ns 200 ns 
C 800 ns 400 ns 
D 1.6 us 800 ns 
E 3.2 Us 1.6 Us 
F 6.4 us 3.2 Us 
0 12.8 us 6.4 Us 

l 25.6 us 12.8 us 
2 51.2 us 25.6 Us 
3 102.4 us 51.2 us 
4 204.8 us 102.4 us 
5 409.6 us 204.8 us 
6 819.2 us 409.6 us 
7 Ext. clock Ext. clock 


#S_Read the current analyser state. 
The analyser responds to this com- 
mand with the code XX<CR><LF>. 
The binary value ‘XX’ in the 
response is constructed as follows: 


bit 0: 1 = analyser started 

bit 1: 1 = analyser stopped 
bit 2: 0 = FIFOs empty 

bit 2: 1 = FIFOs not empty 


Immediately after the analyser has 
been switched on, the response to 
the #S command will be the value 
‘00’. 

#A_Arm the trigger. 

After the trigger has been armed, 
the analyser will start as soon as the 
trigger condition set using the #T 
command is satisfied. 

#Z_Clear the FIFOs. 


Graphic user interface 


for the analyser 

As can be seen from the above, it is 
very easy to control the analyser. It 
is relatively easy to write a program 
to control the analyser (the lan- 
guage and platform are not impor- 
tant) and display the data it sends 
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in graphic form. 

For readers who are not keen to 
write their own programs, the author 
has written a program (a screen 
dump) that is available as a demo 
version at no charge from the Elektor 
Electronics website. It can also be 
obtained on a diskette from Readers 
Services (order number 020032-11). 

The full version of the program is 
available from the author. You can 
find more information on a dedicated 
page at the authors website: 
http://benoit.bouchez.free.fr/logic_a 
nalyzer. 





A few final remarks 


As should be evident, the logic 
analyser described here is intended 
to be used with 5-V TTL signals 
(including CMOS circuits operating 
at 5 V). The analyser can also be 
used with 3.3-V circuits, but in that 
case resistors R1-R4 and resistor 
networks R5-R8 must not be fitted, 
since there is otherwise a risk of 
damage to the circuit being tested, 
due to the fact that the 3.3-V line 
would connected to 5 V via these 
resistors (although the high values of 
these resistors limit the chance of 
damage). It may seem strange that 
the FIFOs, which operate with a 5-V 
supply voltage, can nevertheless 
correctly interpret signals that use 
the 3.3-V standard. However, the 
3.3-V TTL standard actually uses the 
same switching thresholds as the 
5-V TTL standard, with 2.4 V or more 


being High and 0.4 V or less being Low. This 
guarantees the compatibility of 3.3-V signals 
connected to 5-V inputs. 

To test logic circuits that work with a sup- 
ply voltage of 3 V or 2.5 V supply voltages, 
which are becoming increasingly common, it 
will be necessary to use input adapters, since 
the thresholds for High and Low levels are 
not the same as for 3.3-V and 5-V TTL. Nev- 
ertheless, we were able to successfully use 
the analyser to test a 3-V circuit. 

An adapter is also necessary for testing 
CMOS circuits working at voltages greater 
than 5 V, since the FIFOs absolutely cannot 
handle such voltages. Several adapters will 
be described in a future article. 

We would like to again point out the rela- 
tive vulnerability of the inputs, which are con- 
nected directly to FIFOs. If you connect an 
input to a line carrying a voltage greater than 
5 V, there is a risk that the FIFO will quickly 
perish. Even professional logic analysers can- 
not escape this risk. 

Why then are no protective measures used 
on the inputs? The reason is very simple: pro- 
tective measured affect the characteristics of 
the circuit being tested, and after all, the 
analyser has been designed to track down 
faults, not to generate them. 

The final important consideration is that 
you should use very short leads to connect 
the analyser to the circuit being tested, 
preferably using flatcable — and there is a 
good reason why the input connectors have 
ground connections. Excessively long con- 
nections can cause significant distortion of 
the signals and can also disturb the operation 
of the circuit being tested, especially when 
fast signals are involved. 
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